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ABSTRACT

"'""°"'"'

ding of its evolutionary history, revisions to its taxonomy are proposed. Machaeranthera is cir

scribed to include two species, and other species that have been included in Machaeranthera ar

)rtioned into three additional genera. Dieteria is revived to accommodate three of these specie:

thisma is expanded to accomodate 16 more species, and the new genus Arida is proposed fo

e remaining. Newcombinations for the species in Dieteria, Xanthisma, and A rida are providec

morfologic

The genus Machaeranthera Nees (Asteraceae: Astereae) was established to ac-

commodate the single species M. tanacetijolia Nees. Since its inception, many
different circumscriptions of Machaeranthera have been proposed, and the

genus has included various parts of several other genera, with little agreement

on its composition or its relationships with other taxa (see Morgan and Simp-

son 1992 for a more detailed taxonomic history).

The most recent published treatment of Machaeranthera was by Hartman

(1990), who included 36 species in the genus, excluding several taxa that are

now placed in the genera Hazardia Greene (Hartman 1990), Rayjacksonia R.L.

Hartman &M.A. Lane (Lane 6a: Hartman 1996), Tonestus A. Nelson (Nesom 1991),

and Xylorhiza Nutt. (Hartman 1990). The circumscription of Machaeranthera

adopted by Hartman (1990) included species with both cyanic (white, blue, pink,

purple) and yellow rays, and apportioned them into two subgenera and eight

sections. Wewill refer to this circumscription as Machaeranthera s.l.



Investigations of Mcicht/eranthcras.l. using molecular evidence have helped

to clarify its systematics. Restriction site data from chloroplast DNA(cpDNA)

indicated that Machaeranthera section PsilactisiA. Gray) Turner & Homewas

not a close relative of Machaeranthera s.l. (Morgan & Simpson 1992; Morgan

1993). This section was removed from Machaeranthera s.l. by Morgan (1993),

leaving 30 species in the genus. More recent investigations of Machaeranthera

(sensu Morgan 1993) employed DNAsequence data from nuclear ribosomal

DNAinternal and external transcribed spacers (nrDNA) (Morgan 1997; Mor-

gan 2003). Comparison of this evidence with cpDNA data indicated that the

evolution of Machaeranthera and its relatives has been complex, involving as

many as seven occurrences of reticulate evolution. The molecular evidence also

indicated that other genera (e.g., Oonopsis Nutt., Pyrrocoma Hook., and

Xanthisma DC.) are closely related to various parts of Machaeranthera (Fig. 1).

The relationships supported by a combination of molecular, morphologi-

cal, cytological, and chemical evidence do not support any recent circumscrip-

tion of Machaeranthera. Therefore, a new classification is needed to bring the

taxonomy of the genus more in line with current understanding of its relation-

ships. A case could be made for including Oonopsis and Pyrrocoma in an ex-

panded Machaeranthera, and cpDNAevidence provides some support for such

a treatment (Fig. 1). However, nrDNA data do not support this circumscription

(Fig. 1). Furthermore, we contend that enlarging Machaeranthera through ac-

cretion would obscure the phylogenetic patterns within the complex, and would

result in a large, heterogenous, and unwieldy genus that would be difficult to

characterize satisfactorily. Wetherefore propose that Machaeranthera (sensu

Morgan 1993) be divided into four genera, as described below.

KEY TO THE GENERATREATEDHERE
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long); pappus bristles filiform, not flattened near base (or slightly so), bases

not (or slightly) overlapping.

4. Ray florets with prominent pappus (often eradiate in the glandular-pu-

variously pubescent with glandular and/or nonglandular hairs;mountain5,

Diains, and basins of WU.S.A.: SWCanada: extreme N Mexico _ Dieteria

4. Ray florets with pappus absent (5 species; eradiate in the glabrous A.

carnosa) or present; if pappus present then leaves pinnatifid to bipinnatifid

throughout or (if leaves entire to toothed) plants glabrous except for bristles

Mexico Arida

Machaeranthera Nees, Gen. & Sp. Asterearum 224. 1832. Type: Aster tar, lacetifolius

Kunth.

Chrysopsis subgenus Pappochroma Nutt., J. Acad, Nat, Sci, Phila, 7:34, 1834, Dieter ia subgenus

(Nutt,) Walpers, Rep, Bot. Syst, 2:587, 1843, Type: Chrysopm coronopijolia Nutt,

Machaeranthera (Nees) A, Gray, Proc, Amer. Acad. Arts 16:99. 1880.

Machaeranthera series Verae Cronquist & D.D. Keck, Bnttonia 9:238. 1957. nom. illeg. (ICON: 52.1).

Herbs taprooted annuals or biennials, 5-100 cm tall. Stems erect to ascending,

much branched when well developed, moderately to densely pube&cent with

glandular and nonglandular hairs. Leaves alternate; pinnatifid or bipinnatifid,

deeply lobed or dissected, moderately to densely pubescent with glandular and

nonglandular hairs, apices, including lobes and teeth, mucronate to bristle

tipped, bristles if present 0.2-1 mmlong. Heads radiate. Involucres broadly tur-

binate to hemispheric. Phyllaries in 3-6 imbricate series, graduated in length,

appressed, spreading, or ref lexed, moderately to densely pubescent with glan-

dular and nonglandular hairs; bases indurate, apices herbaceous. Receptacles

alveolate, flat to convex, naked or with scales to 0.4 mmlong. Ray florets pistil-

late, fertile; corollas blue, violet, or purple. Disc florets bisexual, fertile, corollas

yellow, narrowly funnelform; tubes and limbs glabrous or glabrate, lobes 0.3-1

mmlong, glabrous to pubescent. Cypselae of ray and disc florets distinctly di-

morphic, narrowly to broadly obovate, sparsely to densely pubescent; moder-

ately thick walled, with 4-9 ribs per face, 2,4-3.8 mmlong, those of ray florets

-3 sided, rounded abaxially, of disc florets somewhat compressed laterally; pa-

ppus white to tawny of ray florets 1/2 to nearly equalling length of disc florets;

bristles coarsely barbellate, in 1-3 series, dorsi-ventrally flattened and dissimi-

lar in width near base, bases overlapping, mostly 4.5-6.5 mmlong, n = 4.

The circumscription of Machaeranthera adopted here results in a genus

of two species. Weapportion the remaining 28 species of Machaeranthera

(sensu Morgan 1993) to Dietena, Xanthisma, and Arida (see below). The three

species placed in Dieteria could potentially also be included in Machaeranthera

because of a number of similarities. All members of the two genera produce

flavonols, and all have chromosome numbers of n = 4, obovate fruits, and nar-



row phyllaries that are often ref lexed (Hartman 1976, 1990; Turner 1987). This

relationship was also supported by cpDNA evidence (Fig. 1). However, nrDNA

evidence conflicted with cpDNA (Fig. 1), and the substantial conflict between

them complicates the issue by suggesting reticulate evolution in the ancestors

of Machaeranthera, Dieteria, or both. In addition, cpDNAand nrDNA evidence

both supported a close relationship between Machaeranthera and Oonopsis, and

expansion of Machaeranthera to include Dieteria would also have to include

Oonopsis, which differs from Machaeranthera in many ways (Morgan & Simp-

son 1992). Additional synonymy for Machaeranthera is included in Turner

(1987).

KEY TO THE SPECIES OE MACHAERANTHERA

1 long, glabrous or glabra

lobes mostly 0.7-1 mmlong, pubescent 2. Machaeranthera tagetina

. Machaeranthera tanacetifolia (Kunth) Nees, Gen. & Sp. Asterearum 225. 1832.

Aster tanacetifoUus Kunth, Nov. Gen. & Sp., ed. folio, 4:74. 1820. Aster chry-

santhemoides Willd. ex Spreng., Syst. Veg. 3:538. 1826. Type: MEXICO: "Colitur m
horto Mexicano," s.d., Humboldt s.n. (holotype: P nv., IDC microfiche 6209. 97.111.6;

possible ISOTYPE: B-W; photoisotype: TEX!).

Nutt., Trans. Amer. Philos. Soc. ser. 2. 7:302. 1840. Machaeranthera coronopifolia (Nutt.) A.

souri" (probably near Fort Mandon), Jul-Aug 1811, Nuttall s.n. (isOTYPE: GH; probable ISOTYPE:

2. Machaeranthera tagetina Greene, Pittonia 4:71. 1899. Aster tagetinus (Greene)

S.F. Blal<e, Contr. U.S. Natl. Herb. 25:263. 1925. TYPE: U.S.A. ARIZONA. Cochise Co.:

near Fort Huachuca, 1891, Wilcox s.n. (holOTYPE: US).

Machaeranthera series Vanahi les Cronquist & D.D. Keck, Bnttonia 9:237. 1957, nom. iUeg. (ICBN:

24.3).

Herbs taprooted annuals, biennials, or perennials, 10-100 cm tall. Stems erect

to ascending, much branched when well developed, glabrous to variously pu-

bescent with glandular and/or nonglandular hairs. Leaves alternate; entire to

irregularly serrate or dentate, moderately to densely pubescent with glandular



and/or nonglandular hairs, apices, including lobes and teeth, spinescent due

to indurated apiculae, bristles absent. Heads radiate or eradiate. Involucres tur-

binate, campanulate, or hemispheric. Phyllaries in 3-12 imbricate to

subimbricate series, graduated in length, appressed, spreading, or ref lexed, gla-

brous or variously pubescent with glandular and/or nonglandular hairs; bases

indurate, apices herbaceous, margins scarious. Receptacles alveolate, convex,

naked or scales to 0.3 mmlong. Ray florets pistillate, fertile (sterile or absent in

D. canescens var shastensisX corollas white, blue, violet, or purple. Disc florets

bisexual, fertile, corollas yellow, + funnelform, tubes and limbs glabrous or

glabrate, lobes 0.2-0.7 mmlong, glabrous to minutely pubescent. Cypselae of

ray and disc florets somewhat dimorphic, linear to obovate, glabrous to moder-

ately pubescent; thm walled, smooth or with 4-6 ribs per face, 3-6 mmlong,

those of ray florets generally flattened, rounded abaxially, of disc florets flat-

tened laterally; pappus white to brown or reddish brown, of ray florets 2/3 to

nearly equalling length of disc florets; bristles somewhat barbellate, in 1-3 se-

ries, at most somewhat dorsi-ventrally flattened and dissimilar in width near

base, bases not to slightly overlapping, mostly 4-8 mmlong, n = 4.

Although similar to Machaeranthera in several ways (see above), the mem-
bers of Dieteria may be distinguished from it by foliage and fruit characters.

Dieteria has entire to serrate or dentate leaves with thin-walled fruits that are

mostly longer than 3 mm, while Machaeranthera has leaves that are deeply

lobed or dissected and thick-walled fruits that are mostly 3 mmor less long.

There is a great deal of morphological variation in Dietena, which has resulted

ma large number of species names. The treatment adopted here follows that of

Turner (1987) in recognizing three species containing 16 varieties, with 3 vari-

eties in D. asteroides, 3 in D. higelovii, and 10 in D. canescens. Additional syn-

onymy for Dieteria is included in Turner (1987).

OF DIETERIA



,
in Emory Report 142. 1848. Machaeranthera asteroides

Pittonia 3:63. 1896. Type: U.S.A. NEWMEXICO: "elevated land between

and the waters of the Gila," 16 Oct 1847, Emory s.n. (holotype: NY).

nescens var. lal ifoHa A. Gray, Pi. Wright. 2:75. 1853. Aster canescens var. latifolia

ISOLECTO-types: GH, mo, NYPH, UC, US).

Aster canesce nsPurshvartephnxies A.GravProc.Ame r.Acad. Arts 16:99. 1880. Machaeranthera

t^phrodc: r tephrodes (A. Gray) S.F.Blat :e,Contr,U.S.

h 25:563. 1925. Typifica Calif.] .:322. 1876, Gray mistE .kenly based

the name A. Gray on Diplopappus ii rtcanusLmdl for plan

insouthe rn California. He subsequently corrected this mis take and proposed the name Aster

canescen: 5 var teph rode, for thes, 2 plants, noting tha ttheyc dso occurred inAnzc maand New

M I Uthough stating that/ I c. var tephrodes
"

...was named A incanus m tl le Botany of

Cal fo n ley's plant." Gray a] jpareni ;ly did not select a type specimen

fo At anescensv^r.tephrode i\ ment lonedbyGrayinconi lection with

any of 1 dby"Capt.E.K.S:^ nth" m"Guadalupe Canyon, Sonora,"but

w ha e lo't been able'to locate irner (] L987) placed Aster in canus. Aster

a n van tephrodes, Macha eranthera tephrod. :s, and Aster tephrodes in syi nonymy un-

de Mahaerantheracanescens^

KEY TO THE VARlETIES OF DIETERIA ASTEROIDES

Stems giabroi us to glandular-pubesi cent; leaves covere .dwith stiff glandular hairs

glandulosa

Stems pubesc :ent, puberulent, or car lescent, glandular f^esc

ing; leaves puberulent or canescent, stiffglandularhair e or lacking.

2. Involucres hemispheric; herbaceous phyllary apice: 5 long-

long; mid- stem leaves 6-20 mrT. wide, usually c serrate or serrulate

?ous phyllary apices

asteroides

2 Involucres broadly turbinate (ran 2ly hemispheric);! lerbace

serrulate'"

uminate,1-3mmlong;i mid-stem leaves 2- 6mmvvide,entire to slightly

Ic.D. asteroides var. lagunensis

la. Dieteria asteroides var. asteroides

lb. Dieteria asteroides var glandulosa (B.L. Turner) D.R. Morgan & R.L. Hart-

man, comb. nov. Basionym: Machaeranthera asteroides (Torr) Greene var.

glandulosa B.L. Turner, Phytologia 60:77. 1986. TYPE: U.S.A. ARIZONA. Maricopa Co.:

U.S. highway 60, 2.6 mi E of Queen Creek tunnel, 4200 ft, 19 Sep 1975, Pinkava,

Keil & Echto L18904 (hOLOTYPE: LLI; isotypes: ASU, CSU, NY).

Ic. Dieteria asteroides var. lagunensis (D.D. Keck) D.R. Morgan & R.L. Hartman,

comb. nov. Basionym: Machaeranthera lagunensis D.D. Keck, Brittonia 9:238. 1957.

Machaeranthera asteroides (Torr.) Greene var lagunensis (D.D. Keck) B.L. Turner,

Phytologia 60:77. 1986. Type: U.S.A. California. San Diego Co.: 2 mi S of the main

recreation area, Laguna Mountains, 5200 ft, 20 Aug 1952, PA. Munz & EX. Balls

17948 (holotype: NY iSOTYPE: RSA).



.. Dieteria bigelovii (A. Gray) D.R. Morgan & R.L. Hartman, comb, nov Basionym:

/\s(f r bigelovii A. Gray, Pacific Railway Survey 4:97. 1857. Machaeranthera bigelovii

(A. Gray) Greene, Pittonia 3:63. 1896. TYPE: U.S.A. NewMexico. Bernalillo Co.: "ar-

royos mthe Sandia Mountains," 10 Oct 1853,J,M. Bigelow s. n. (holotype: GH; isotype:

lETlES OF DIETERIA BIGELOVII

ad as tal!;phyllaries 90-1 00, mostly 0.5-1 mm
long-acuminate, 2-5 mmlong 2c.D.bigelo>

2a. Dieteria bigelovii var bigelovii

2b. Dieteria bigelovii var commixta (Greene) D.R. Morgan (Si R.L. Hartman, comI

nov. Basionym: Machaeranthera commixta Greene, Pittonia 4:71. 189S

Machaeranthera canescens (Pursh) A. Gray var commixta (Greene) S.L. Welsh

Great Basin Naturalist 43:316. 1983. Machaeranthera bigelovii (A. Gray) Green.

Garfield Co.: Henry Mountains, Bromide Pass, 10,000 ft, 27Jul 1894, M.E.Jones 5695^

(holotype: US; ISOTYPE: POM).

2c. Dieteria bigelovii var. mucronata (Greene) D.R. Morgan & R.L. Hartman
comb, nov Basionym: Machaeranthera mucronata Greene, Pittonia 4:72. 189S

Aster adenolepis S.F. Blake, J. Wash. Acad. Sci. 30:471. 1940, nom. nov, non Aste;

mucronatus Sheldon, 1903. Machaeranthera bigelovii (A, Gray) Greene vai

mucronata (Greene) B.L. Turner, Phytologia 62:238. 1987. Type: U.S.A. Arizona
Coconino Co.: Thompson Canyon, 8500 ft, 19 Sep 1894, M.E.Jones 6065hl (lectq
type: US [designated by Turner 1987]).

3. Dieteria canescens (Pursh) Nutt., Trans. Amer Philos. Soc, ser. 2, 7:300. 1840
Basionym: Aster canescens Pursh, Fl. Amer Sept. 2:547, 1813. Machaerantherc
canescens (Pursh) A. Gray Pi. Wright. 1:89. 1852. Type: U.S.A. North Dakota: "or

the denuded banks of the Missouri" (vicinity of Fort Mandon), 1811, Nuttall s.n

(holotype: BM; possible ISOTYPE: NDG).

Pittonia 4:22. 1899. Machaera nthera ca nescens (Pursh) A. Gray var viscosa (Nutt.) Piper, Conti



25:563. 1925, nom. nov., non Aster laetevirens Greene (190

Clover Mountains, 26 Jul 1894, EL. Greene s.n. (holotYPE:

(Pursh) A. Gray var. latijolia (A. Nelson) S.L. Welsh, Great

:

Type: U S.A. Utah. Salt Lake Co.: Big Cottonwood Canyon,

1933 (HOLOTYPE: RM!; ISOTYPES: GH, LL!, US).

KEY TO THE VARIETIES OF DIETERIA

hyllaries spreading to reflexed, rarely appressed.

y glandular, frequently also p

r leucanthemifolia

Ray florets sterile or abs'

. Ray florets pistillate and

10. Phyllaries densely a

10. Phyllaries glabrous 1

glabrous



(i) Dieteria

3b. Dieteria canescens var. incana (Lmdl.) D.R. Morgan & R.L. Hartman, comb,
nov. BASIONYM: Diplopappus incanus Lindl, Bot. Reg. 20:t. 1693, 1834. Dieteria

incana (Lindl.) Torr. & A. Gray, Fl. N. Amer 2:100. 1841. Machaer anther a canescens

(Pursh) A. Gray var incana (Lindl.) A. Gray Bot. Wilkes Exp. Phan. 17(2):340. 1874.

Machacranthera incana (Lindl) Greene, Pittoma 3:62. 1896. Type: U.S.A. OREGON:
"Columbia River" described from seeds grown mLondon, 1830, Douglas s.n. (ho-

LOTYPi-:: BM; LSOTYPE: GH; ISOTYPE, microfiche: G-DC).

3c. Dieteria canescens var. leucanthemifolia (Greene) D.R. Morgan 6a: R.L. Hart-
man, comb. nov. Basionym: Aster leucanthemijolius Greene, Erythea 3:119. 1895.

Machacranthera leucanthemifolia (Greene) Greene, Pittonia 3:61. 1896.

Machacranthera canescens (Pursh) A. Gray var leucanthemijolia (Greene) S.L.

Welsh, Great Basin Naturalist 43:316. 1983. Type: U.S.A. Nevada. Esmeralda Co.:

near Candelaria, 6000 ft, Jun 1886, WM.Shockley 268 (holotype: CAS; isotypes:

DS, US).

3d. Dieteria canescens var. sessiliflora (Nutt.) D.R. Morgan & R.L. Hartman,
comb, nov Basionym: Dieteria sessiliflora Nutt., Trans. Amer Philos. Soc, ser 2,

7:301. 1840. Machacranthera sessiliflora (Nutt.) Greene, Pittonia 3:60. 1896.

Machacranthera canescens (Pursh) A. Gray var sessiliflora (Nutt.) B.L Turner
Phytologia 60:78. 1986. Type: U.S.A. Idaho(?): "Denudated plains of the Rocky Moun-
tains and Oregon," 1836, Nuttall s.n. (HOLOTYPE: BM).

3e. Dieteria canescens var shastensis (A. Gray) D.R. Morgan & R.L. Hartman,
comb, nov Basionym: Machacranthera shastensis A. Gray Proc. Amer Acad. Arts

6:539. 1866. Aster shastensis (A. Gray) A. Gray, Bot. Calif, 1:322. 1876.

Machacranthera canescens (Pursh) A. Gray var shastensis (A. Gray) B.L. Turner,

Phytologia 60:79. 1986. TYPE: U.S.A. California. Siskiyou Co.: Mt. Shasta, 9000 ft,

1860-62, WH. Brewer 1385 C

3f. Dieteria canescens var

nov. Basionym: Macha^

Aliso 7:65. 1969. Machacranthera canescens (Pursh) A. Gray var ziegleri (I

B.L. Turner, Phytologia 60:79. 1986. Type: U.S.A. California. Riverside Co.: i

of Santa Rosa Mountain, 6500-7500 ft, 30 Sep 1968, LB. Zieglers.n. (holotypi

subsp. glabra (A. Gray) D.R. Morgan & R.L. Hartman,
xeranthera canescens (Pursh) A. Gray var glabra A. Gray Pi.

Machacranthera canescens (Pursh) A. Gray subsp. glabra (A.

hytologia 62:239. 1987.

var ambigua (B.L. Turner) D.R. Morgan & R.L. Hartman,
; Basionym: Machacranthera canescens (Pursh) A. Gray var ambigua
Phytologia 60:77. 1986. TYPE: U.S.A. Arizona. Coconino Co.: Flagstaff,



28 Aug 1922, H. Hanson A7 (holotype: TEX!; isotypeS: ARIZ, F, MO, NEB, NY, OSU,

PHIL, RM!, TEX!).

3h. Dieteria canescens var. aristata (Eastwood) D.R. Morgan & R.L. Hartman,

comb. nov. BASIONYM: Aster canescens Pursh var. aristatus Eastwood, Proc. Calif.

Acad. Sci., ser 2, 6:296. 1896. Machaeranthera canescens (Pursh) A. Gray var aristata

(Eastwood) B.L. Turner, Phytologia 60:78. 1986. Type: U.S.A. Utah. San Juan Co.:

Willow Creek, 14 Jul 1895, A. Eastwood 45 (holotype: CAS).

Machaeranthera rigida Greene, Pittonia 4:25. 1899. TYPE: U.S.A. ARIZONA. Navajo Co.: "Kearn's

3i. Dieteria canescens var. glabra (A. Gray) D.R. Morgan & R.L. Hartman, comb,

nov. Basionym: Machaeranthera canescens (Pursh) A. Gray var. glabra A. Gray, Pi.

Wright. 1:89. 1852. Aster canescens Pursh var. viridis A. Gray, Proc. Amer Acad. Arts

1699 1880. Type: U.S.A. NewMexico. Dona Ana Co:. Rio Grande Valley at Presidio

San Elizario on sand-bars, 22 Sep 1849, C Wright 262 (field no. 1258) (lectotype:

GH[designated by Turner 1987]; ISOLECTOTYPES: GH, MO, UC).

Dona Ana Co.: Mesilla Valley, 3900 ft, 6 Sep 1897, E.O. Wooton 444 (LECTOTYPE: NDG[desig-

var. nebraskana (B.L. Turner) D.R. Morgan & R.L. Hart-

man, comb, nov Basionym: Machaeranthera canescens (Pursh) A. Gray var

nebraskana B.L. Turner Phytologia 60:78. 1986. Type: U.S.A. Nebraska. Sheridan

Co.: 2 mi E Ellsworth, sandhill prairie on dry loose sand, 27 Aug 1968, 5. Stephens

28307 (holotype: NY; ISOTYPES: ARIZ, DS, GH).

:hisina DC, Prodr. 5:94. 1836. Type: Xanthisma texanum DC.

Machaeranthera subgenus Sideranthus (Nutt. ex Nees) R.L. Hartman, Phytologia 68:456. 1990.

There has been disagreement on the dates of publication for Eriocarpum and

Sideranthus. For example, Farr, Leussmk, and Staf leu (1979) give them as Oct-

Dec 1840 and 1840, respectively. According to Greene (1895), Nuttall's treatment

(p.320) of Eriocarpum appeared in 1840 (for pp. 283-356). Subsequently,

Sideranthus was published by C Nees m1841 (Staf leu & Cowan 1981, p. 707).

Herbs taprooted annuals, biennials, or perennials, if perennial usually with

a much-branched, woody caudex or rhizomatous (forming loose colonies in X.

rhizomatum), 3-100 cm tall. Stems erect or spreading or sprawling, often much

branched, glabrous or moderately to densely pubescent with glandular or



bipinnatil id, moderately to densely pubescent with glandular or nonglandular

hairs, apices, including lobes and teeth, apiculate to bristle tipped, bristles if

present 1-4 mmlong. Heads radiate or eradiate. Involucres turbinate, campanu-
late, or hemispheric. Phyllaries in 2-8 imbricate series, graduated in length,

appressed, spreading, or reflexed, glabrous or moderately to densely pubescent

with glandular or nonglandular hairs; bases indurate, apices herbaceous or

achlorophyllous, stiff, leathery, or margins scarious. Receptacles alveolate, flat

to convex, scales laciniate, 0.3-3 mmlong, often forming a reticulum. Ray flo-

rets pistillate, fertile (absent in X.grindelioides, X.johnstonii, X. restijorme}, co-

rollas white, pink, red-purple, purple, or yellow. Disc florets bisexual, fertile,

corollas yellow, ± funnelform, tubes and limbs glabrous to somewhat pubes-

cent, lobes 0.4-0.9 mmlong, glabrous to pubescent. Cypselae of ray and disc

florets distinctly dimorphic, elliptic to obovate, oblong, or obscurely cordate,

sparsely to densely pubescent; thin to thick walled, with 3-9 nerves or ribs per

face, Cl-)1. 5-3.5 mmlong, those of ray florets, if present, ± 3 sided, rounded
abaxially, ot disc I lorets compressed laterally; pappus usually whitish to brown
or reddish brown, of ray florets 1/2 to nearly equaling length of disc florets;

bristles coarsely barbellate, m2-4 series, dorsi-ventral ly flattened and dissimi-

lar in width near base, bases overlapping, mostly 3.5-8 mmlong, n = 2, 3, 4, 8.

Machaeranthcra sections Blepharodon, Sideranthus, Havardii, and Stenoloha,

plus the unispecific genus Xanthisma, which because of the rule of priority

becomes the name of the genus. The grouping of Xanthisma and these four sec-

tions of Machaeranthera (sensu Morgan 1993) was well supported by nrDNA
evidence (Morgan 2003), and, except for Arida blepharophylla (see discussion

below), cpDNA evidence did not support any conflicting relationships (Fig. 1).

Although Xanthisma includes species with both cyanic (blue, purple, pink, or

white) and yellow rays, several other morphological characteristics are shared

by its members, including short, turbinate, thick-walled fruits that are densely

pubescent, receptacular scales, leaves with marginal spines, and chromosome
numbers based on x = 4. Many of these species have in fact been grouped to-

gether at the generic or sectional level by authors such as Greene (1894) and
Hall (1928).

The following key is based largely on data from Hartman (1976, 1990) and
Semple (1974).

KEY TO THE SPECIES OF XANTHISMA

nate to obtuse, or broadly rounded, not bristle-tipped 1 . Xanthisma texanum



Tomentose,thepubesa fnceinae°a sing

riangular;

diameter'

plant s divergently but sparingly i Dranc :hed with rigid, rop

8. Xanthisma johnstonii

J.Xanthisma restiforme

Plants usually robust, basal leaves usually not persisting on the mature

plant; stems not always leafy, mostly 1 5 to 40 cm tall, often branched, each

ray flowers pink, purple, or lavender (often fading on old specimens);

peduncles moderately to densely glandular-stipitate, often with long

flexuous hairs intermixed; phyllaries usually herbaceous in upper half

long-attenuate, reflexed or widely spreading;highlands,central Mexico

to Sedge of the Chihuahuan Desert 6. Xanthisma gymnocephalum

7. Plants perennial from a woody, branched caudex, often with a thick-

ened taproot; ray flowers white (rarely purple in X.gypsophilum), often

with pink or purple streaks on the underside; peduncles villous, hispid,

mountains of WTexas and S New Mexico.

Peduncles and leaves moderately to dei

ally unbranched, bearing only one head 4.Xanthisma crutchfieldii

hispidulose; leaves evenly distributed along the stem usually for well

over two-thirds its length, often markedly though gradually reduced

e-glandular;leavesserrate,often coarsely so with

7. Xanthisma gypsophiii



central New Mexico to WTexas 2.Xanthisma blephariphyllui

5. Ray floret corollas yellow.

10. Plarits growing in loose colonies with stems arising from 3 to 1 or more

11. Cypselae of disc florets broadl>

siventrallyHattened bristles 2-

. Cypselae of disc florets oblong to narrowly obovate, walls usually thin,

flexible, smooth or with 6-16 obscure ribs, glabrous to moderately

pubescent, margins not thickened; pappus of filiform, only slightly

Plants taproots =d, annual; p)hyllaries obtuse to broadly ' acute, nc

bristle tipped;! eaves serrat e or dentate, the teeth blur It or term

nating in a stif f callosity, n or bristle tipped !; cypselae oblong c

narrowly ellipt lible nervE

/lands of SE New Mexico anc J WTexas
'-

1

Plants perennial with much-branchedcauc iices,iftap rooted ar

nuals then ph 1 narrowly acut.

prominently br istle tipped apices; leaves var ious,ifserr, ate order

tate, the teeth 5d; cypselae ellip owly obc

vate with 6-1 ( 3 weak ribs. glabrous to mc)derately p)ubescen

Canada to S U.: 5.; Mexico.

'

13, Plants annL jalwith her baceous stems ^ ind bases; involucre

eglandular.

tipped by bnstles usually 0.6-1 .5 mmlong;occurring else-

1. Plants perennial, stems with woody bases; involucres glandular.

15. Bracts of peduncles imbricate and grading into phyllar-

1 5. Bracts of peduncles few and not grading into phyllaries;



16. Phyliaries with appressed to spreading apices;leaves

thin, usually oblong to lanceolate with prominent

teeth or lobes; SWCanada, WU.S.A.; N half of Mexico

_^ 14.Xanthisma spinulosum

Xanthisma DC. section Xanthisma

Herbs taprooted annuals, rarely biennials, 20-90 cm tall, taproot sometimes

thickened. Leaves entire on upper stem, serrate below, pinnatifid to bipinnatifid

near base, teeth or lobes usually with apiculate callosities, not bristle tipped.

Heads radiate. Involucres turbinate to hemispheric or campanulate. Phyliaries

in 3-4 graduated series, the lower portion stalk-like, stiff, stramineous, enlarged

above into an ovate to orbicular or depressed elliptic blade with a glabrous, green

patch; apices acuminate or obtuse and cuspidate or broadly rounded, not bristle

tipped. Receptacles alveolate, scales 0.2-2 mmlong, mostly distinct. Ray floret

corollas yellow. Cypselae distinctly dimorphic, 1.5-2.2 mmlong, narrowly obo-

void to oblong, walls thick with 8-16, often obscure ribs, sparsely pubescent;

ray cypselae 3 sided; disc cypselae compressed laterally, generally 4 sided. Pap-

pus similar in ray and disc florets, tawny; bristles 3-7 mmlong, linear, dorsiven-

trally flattened basally, in 2 series, n = 4.

1. Xanthisma texanum DC, Prodr 5:95. 1836. Type: U.S.A. Texas. Bexar Co.: woods

near Medina, May 1828. J.L. Berlandier 2039 (lecTOTYPE: IDC microfiche 800.

787.1.7, G-DC! [designated by Semple 1974]; isolectotypes: G-DC, GH, NY, US).



1974. Type: U.S.A. Texas. Hidalgo Co.: 13.5 mi N of Edinburg on L J. S. hwy 183, 8 Jul

1970. W. Lewis IS'^l (holotype: MO).

Xanthisma texanum DC. subsp. drummondii (Torr. & A. Gray) Semple,
Rhodora 76:16. 1974. Basionym: Centauridium drummondii Torr. & A. Gray, FI.

N. Amer 2:246. 1842. Xanthisma texanum DC. var drummondii (Torr & A. Gray)

A. Gray, Pi. Wright. 1:98. 1852. Xanthisma drummondii (Torr & A. Gray) Hooker f.

,
Curtis' Bot. Mag. 33:t. 6275. 1877. Type: U.S.A. Texas: exact locality unknown, Nov

1835, T. Drummond 227 (lectotype: GH [designated by Semple 1974];

isolectotypes: GH!, NYO.

This polymorphic species has always been maintained distinct from other gen-

era in the Tribe; in part due to the unique involucre. The relationship to mem-
bers of Machaeranthers sensu lato was never seriously considered until data

from DNA became available. According to Semple (1974) the following combi-

nation of features characterized the species: "heterocarpic fruit with a pappus
of bristly scales only fruit pubescence of long white ascending hairs, recep-

tacle slightly convex with a persistent reticulate network of subulate scales."

Interestmgly.aliol thcsecharactersarefoundinatleast someof the taxaof this

newly expanded genus.

Semple (f974) recognized two forms of variety orientals the typical one
having whitish lateral margins on the bracts and forma ruhrum in which the

lateral margms were red. Forma ruhrum is said to be rare but is found mixed
with the typical form throughout the range of var. orientale.

Xanthisma section Blepharodon (DC.) D.R. Morgan & R.L. Hartman, comb, nov
Basionym: Haphpappus section Blepharodon DC, Prodr 5:346. 1836, "Aplopappus:
non Blepharodon Decne. in DC, 1844 [Asclepiadaceael

Haplopappus gymnocephalus DC, "Aplopappus'' (lectotype designated by Hall 1928, from

among the four species included).

Eriocarpum Nutt., Trans. Amer Philos. Soc, ser 2, 7:320. 1840. Haplopappus section Eriocarpaea

ser 2, 7:320. 1840. Type: Eriocarpumgrindelioides Nutt.

Machaeranthera series Originales Cronquist &D.D. Keck, Brittoma 9:237. 1937, nom. iUeg. (ICBN:

24.3).

Herbs taprooted annuals, biennials, or perennials, 3-50 cm tall, often with a

much branched caudex or in loose colonies with stems arising from 3 to 10 or

more elongate, branched rhizomes, 1.5-6 mmin diameter, from a woody root-

stock. Leaves serrate or dentate, entire or rarely pinnatifid in a few species, teeth

or lobes usually bristle tipped. Heads radiate or eradiate. Involucres depressed

hemispheric to campanulate. Phyllaries in 3-6 graduated series, linear to lan-

ceolate, the lower portion thickened, stramineous, the upper fourth to half her-



baceous or with a green or purple tinged strip or patch, stipitate glandular to

canescent, appressed to reflexed; apices obtuse to long attenuate and usually

bristly tipped. Receptacles alveolate, scales often present, 0.3-1.5 mmlong, dis-

tinct or forming a reticulum. Ray floret corollas white, pink, purple, or lavender

when present (yellow in Xanthisma rhizomatum). Cypselae distinctly dimor-

phic, (l-)1.5-3.5 mmlong, narrowly obovoid to oblong, the walls thick with 6-

18, often prominent ribs, often densely pubescent; ray cypselae obscurely 3 sided;

disc cypselae compressed laterally Pappus white to tawny; bristles 3.5-8 mm
long, dorsiventrally flattened basally m2-4 graduated series, those of the ray

florets often much reduced in length, n = 4, 8.

2. Xanthisma blephariphyllum (A. Gray) D.R. Morgan & R.L. Hartman, comb,

nov Basionym: Haplopappus hlephariphyllus A. Gray, PL Wright. 1:97. 1852,

''Aplopappus" Eriocarpum hlephariphyllum (A, Gray) Greene, Erythea 3:14. 1895.

Machaeranthera hlephariphylla (A. Gray) Shinners, Field & Lab. 18:38. 1950. Type:

U.S.A. Probably TEXAS: plains at the eastern base of the Guadalupe Mountains, 18

Oct 1849, C. Wright 288 (holotype: GH!; isotype: NY!).

Eriocarpum serratum Greene, Bull Torrey Bot. Club 25:119, pi. 331, fig. 3, 4. 1898. Sideranthus

serratus (Greene) Standley, Contr. U.S. Natl. Herb. 13:222. 1910. TYPE: U.S.A. NEWMexico. Lm-

e Mescalero Agency 6800 ft, 30 Jul

i. Xanthisma coloradoense (A. Gray) D.R. Morgan & R.L. Hartman, comb, nov

Basionym: Aster coloradoensis A. Gray, Proc. Amer. Acad. Arts 11:76. 1876.

Eriocarpum coloradoense (A. Gray) Greene, Erythea 2:110. 1894, "coloradense."

Xylorhiza coloradoensis (A. Gray) Rydb., Bull. Torrey Bot. Club 32:124. 1905,

"Xylorrhiza coloradensis:' Machaeranthera coloradoensis (A. Gray) Osterhout,

Torreya 27:64. 1927, "coloradensis," Haplopappus coloradoensis (A. Gray) R.L. Hart-

inan ex R. D. Dorn, Vase. Pi. Wyoming 295. 1988. Type: U.S.A. COLORADO:South

Park near Hamilton, 4 Aug 1875, E.L Greene 679 (lectotype, here designated from

among syntypes: GH!),

Xylorhiza brandegei Rydb., Bull. Torrey Bot. Club 32:124. 1905, ''Xylorrhiza." Machaeranthera

coloradoensis (A. Gray) Osterhout van brandegei (Rydb.) T.J. Watson ex R.L. Hartman,

Phytologia 68:444. 1990. TYPE: U.S.A. Colorado: San Juan Pass, 1875, IS. Brandegee U65 (ho-

lotype: GHI; ISOTYPES: NY!, UC!).

k Xanthisma crutchfieldii (B.L. Turner) D.R. Morgan & R.L. Hartman, comb,

nov Basionym: Machaeranthera crutchfieldii B.L. Turner, Phytologia 26:116. 1973.

Type: MEXICO. Nuevo Leon: bare gypsum rock outcrop on south slopes, 17 mi E

of San Roberto Junction, then 2 mi S, 24 Oct 1970, B.L. Turner &J. Crutchfield 6324

(holotype: TEX!; ISOTYPE: MEXU!).

». Xanthisma grindelioides (Nutt.) D.R. Morgan & R.L. Hartman, comb, nov

Basionym: Eriocarpum grindelioides Nutt., Trans. Amer Philos. Soc, ser. 2, 7:321.

1840, Haplopappus nuttallii Torr & A. Gray Fl. N. Amer 2:242. 1842, "Aplopappus,"



nom. nov, non Haplopappus grindelioides DC, Prodr. 5:348. 1836, "Aplopappusr

Aster nuttallii (Torr. & A. Gray) O. Kuntze, Revis. Gen. PL 1:318. 1891, non Torr. & A.

Gray, 1842. Sideranthus grindelioides (Nutt.) Britton in Rydb., Bull. Torrey Bot. Club
27:620, 1900. Machaer anther a grindelioides (Nutt.) Shinners, Field & Lab. 18:40.

1950. TYPE: U.S.A. (Wyoming): on shelving rocks in the Rocky Mountain range,

Oregon, s.d., I Nuttall s.n. (holotype: PH!; isotype: BM).

KEY TO THE VARIETIES OF XAmHlSMAGRINDELIOIDES

1. Plants tufted, mostly 10-35 cm tall; leaves evenly distributed along the lengtlo of

less than 1.5 mmlong;peduncles less than 2 cm long, often leaf>'tothe baseofthe

capitulum; heads solitary or 2 to 5 per stem 5a. X. grindelioides var. grindelioides

long; peduncles 1-4 cm long, naked or with an occasional greatly-reduced leaf;

heads mostly solitary 5b. X. grindelioides var. depressum

5a. Xanthisma grindelioides var. grindeloides

5b. Xanthisma grindelioides var. depressum (Maguire) D.R. Morgan & R.L. Hart-
man, comb, nov Basionym: Haplopappus nuttallii Torr & A. Gray var depressus

Maguire, Amer Midi. Naturalist 37:144. 1947. Machaeranthera grindeloides (Nut)

Shinners var depressa (Maguire) Cronquist & D.D. Keck, Brittonia 9:237. 1957, TYPE:

U.S.A. Utah. Millard Co.: WarmPoint, in shallow gravelly and sandy soil, 5 mi SW
of Desert Range Expernnent Station Headquarters, ISJun 1941, B. Maguire 20859
(llOlciTYPE: NYI; ISOTYPES: GH!, UQ).

6. Xanthisma gymnocephalum (DC.) D.R. Morgan & R.L. Hartman, comb, nov
Basionym: Haplopappus gymnocephalus DC, Prodr 5:346. 1836, ''Aplopappus" As-

ter gymnocephalus (DC.) A. Gray, Proc. Amer. Acad. Arts 15:32. 1879, non (F

Ruprecht) B, Fedtschenko, 1915. Eriocarpum gymnocephalum (DC) Greene,
Erythea 2:109. 1894. Machaeranthera gymnocephala (DC) Shinners, Field & Lab.

18:40. 1950. TYPE: MEXICO: "Environs de Mexico," 20 Jul 1827,J.L. Berlandier 588
(lectotype, here designated: IDC microfiche 800. 867.IIL6, G-DQ),

Haplopappus phyllocephalus DC. subsp. primitivus H.M. Hall, Publ. Carnegie Inst. Wash. 389:56,

7. Xanthisma gypsophilum (B.L. Turner) D.R. Morgan & R.L. Hartman, comb.
nov Basionym: Machaeranthera gypsophila B.L. Turner, Phytologia 26:117. 1973.

Type: MEXICO. Coahuila: 14 mi S of Cuatro Cienegas, then W1.8 mi to actively

blowing dunes of gypsum, 11 Apr 1970, B.L. Turner 6052 (holotype: TEX!; isotypes:

MEXU!, MICH!).

8. Xanthisma johnstonii (S.F. Blake) D.R. Morgan & R.L. Hartman, comb. nov.
Basionym: Haplopappus johnstonii S.E Blake, Proc. Biol. Soc. Wash. 54:18. 1941,

"Aplopappus." Machaeranthera johnstonii (S.F Blake) B.L. Turner, Amer J. Bot.

60:837. 1973. Type: MEXICO. COAHUlLA: in dry heavy alkaline soil, 1 mi S of

Hermanas, 22-24 Aug 1938, LM.Johnston 7066 (holotype: GHJ; isotype: US!).



9. Xanthisma restiforme (B.L. Turner) D.R. Morgan & R.L. Hartman, comb. nov.

Basionym: Machaeranthera resiijormis B.L. Turner, Amer. J. Bot. 60:836, figs. 1-5.

1973. Type: MEXICO. Coahuila: in gypsum soil 2.4 mi SWof Cuatro Cienegas, 11

Apr 1970, B.L. Turner 6063 (holotype: TEX!; ISOTYPES: MEXU!, MICH!).

10. Xanthisma rhizomatum (M.C.Johnston) D.R. Morgan & R.L. Hartman, comb.

nov. Basionym: Haplopappus rhizomatus M.C.Johnston, Rhodora 63:177. 1961.

Machaeranthera heterophylla R.L. Hartman, Phytologia 68:445. 1990, nom. nov.,

non Machaeranthera rhizomata A. Nelson & J.F Macbride, Bot. Gaz.

(Crawfordsville) 62:148. 1916. TYPE: MEXICO. NUEVOLeon: Saltillo-Matehuala

highway, 5 mi N of junction of the side road to Galeana, 6000 ft, 8 Oct 1959, J. Gra -

ham& M.C.Johnston 4203 (holotype: TEX!; isotypes: KANUI, MEXU!).

Xanthisma section Sideranthus (Nutt

comb. nov. Basionym: Sideranthu

Nord-America 2:440. 1841. Dieteria section Sideranthus (Nutt. ex Nees) Nutt. ex

Walpers, Repert. Bot. Syst. 2:587. 1843. Machaeranthera section Sideranthus (Nutt.

ex Nees) R.L. Hartman, Phytologia 68:456. 1990. Type: Amellus spinulosus Pursh.

Machaeranthera section Stenoloba R.L. Hartman, Phytologia 68:459. 1990. Type Eriocarpum

Herbs taprooted annuals, biennials, or perennials, 3-80 cm tall, sometimes with

a much branched caudex. Leaves entire, serrate, dentate, or pinnatifid to deeply

bipinnatifid, teeth or lobes usually bristle tipped, often markedly so. Heads ra-

diate. Involucres broadly turbinate to depressed campanulate or hemispheric.

Phyllaries in 4-8 graduated series, linear to narrowly oblong, the lower portion

rigid, Ught green to stramineous, the upper fifth to half with a green patch or

strip (sometimes blackish near apex), usually pubescent, often with glandular

hairs, appressed to squarrose; apices obtuse to acuminate, usually tipped by a

stiff and often pronounced bristle. Receptacles usually alveolate, scales 0.4-3

mmlong, distinct or forming a reticulum. Ray floret corollas yellow. Cypselae

often dimorphic, L5-3.2 mmlong, elliptic to broadly obovate or obscurely and

narrowly cordate, walls thin with 6-16 nerves or prominent ribs, glabrous to

densely pubescent; ray cypselae usually rounded on dorsal edge, obscurely 3

sided, often asymmetrical, and slightly shorter; disc cypselae flattened later-

ally. Pappus white to tawny; bristles 3.5-6 mmlong, slightly to moderately dor-

siventrally flattened basally, in 2-4 markedly graduated series, those of the ray

florets sometimes reduced in length, n = 2, 3, 4, 8.

11. Xanthisma arenarium (Benth.) D.R. Morgan & R.L. Hartman, comb, nov

Basionym: Haplopappus arenarius Benth., Bot. Voy. Sulphur 24. 1844, "Aplopappus.''

Machaeranthera arenaria (Benth.) Shinners, Field & Lab. 18:40. 1950. Type:

MEXICO. Baja California Sur: Cabo San Lucas, 1841, R. B. Hinds s.n. (holotype:

K, photo at DS!).

12. Xanthisma gracile (Nutt.) D.R. Morgan & R.L. Hartman, comb, nov Basionym:

Dieteria gracilis Nutt., Proc. Acad. Nat. Sci. Philadelphia 4:22. 1848. Haplopappus

graci lis (Nutt.) A. Gray Pi. Fendler 76. 1849, "Aplopappus," non TS. Brandegee, 1889.



Asl cr dictcna 0. Kuntze, Revis. Gen. PI. 1:315. 1891, bas donDu-kTkii^rati/i.sNutt

tnocarpumgracile (Nutt.) Greene, Erythea 2:109. 1894 Sideranthm gracilis Wutt.)

A. Nelson, Bot. Gaz. (CrawfordsviUe) 37:266. 1904. Mac haeranthcra gracilis (Nun.)

Shinners, Field & Lab. 18:41. 1950. Typr: U.S.A. NewMEXICO: near Santa Fe,s.d.,W

Gambds.n. (holotypf,: GH!; isotypr: K).

riopappu, ravenu R.C.Jackson, Amer. J. Bot. 49:123. 1962. Typ E: U.S.A. ARIZONA. Yavapai Co.

rde River, 8Jun 1959. R.CJacfe-

13. Xanthisma junceum (Greene) D.R. Morgan & R.L. Hartman, comb. nov.

Basionym: Haplopappus junceus Greene, Bull. Calif. Acad. Sci. 1:190. 1885,

''Aplopappusr Erwcarpum junceum (Greene) Greene, Erythea 2:108. 1894.

Sideranthus junceus (Greene) A. Davidson & Moxley, El. S. Calif. 377. 1923.

Machaerantherajuncea (Greene) Shinners, Field & Lab. 18:40. 1950. Type: U.S.A.

California. San Diego Co.: Cleveland, s.d., M.K. Curran s.n. (lectotype designated
from ainong two syntypes by Hall 1928 with no indication of location; it was not

found in the following relevant herbaria: CAS, DS, NDG, UC, RSA).

14. Xanthisma spinulosum (Pursh) D.R. Morgan & R.L. Hartman, comb. nov.

Basionym: Amellus spinulosus Pursh, Fl. Amer. Sept. 2:564. 1813. Haplopappus
spinulosus (Pursh) DC, Prodr. 5:347. 1836, "Ap/opcrppu.s," non Phil., 1873, nee T.S.

Brandegee, 1889. Starkea pinnata Nutt.. Gen. N. Am. 2:169. 1818, nom. superj.

Machaeranthera pinnata Shinners, Field & Lab 18:41. 1950, non Machaeranthera
spinulosa Greene, 1899. Dieteria spinulosa (Pursh) Nutt., Trans. Amer. Philos. Soc,

sen 2, 7:301. 1841. Eriocarpum spinulosum (Pursh) Greene, Erythea 2:108. 1894.

Sideranthus spinulosus (Pursh) R. Sweet ex Rydb., Bull. Torrey Bot. Club 27:621.

1900. Type: U.S.A. [South Dakota. Lyman or Brule Co.: Reveal et al. 1999], in open
prairies on the Missouri, 15 Sep 1804, M. Lewis s.n. (lfctotype: PH! [designated by
Hall 1928]; isolectotype: UQ).

Diplopappuspin)ia(i/idu5 Hook. f.,FfBor.-Amer 2:22, 1834. Aster ;iinn(((i/i(lu.s(Hook.f.)O.Kunt2e,

Revis. Gen. PI. 1:313. 1891. Machaeranthera pinnatifida (Hook, i.) Shinners, Sida 1:295. 1964,

nom. nov., non Machaetanthera spinuloM Greene, Pittonia 4:24. 1899. Type. CANADA.
<y Mountains near Jasper's Lal<e, s.d., Drummond s.n. (holotype: K).

f Pursh) DC. var canescensA. Gray, R Fendler 75. 1849, " Aplopappus." Type:

k Co.: Pocatello, 25 Aug 189

r, 1852, A.C.Schot(508d

lall, Fl. S.E. U.S. 1186. 19

erokee Town and vicini



(Pursh) DC. subsp. laevis (Wooton & Standley) H.M. Hall, Publ. Carnegie Inst. Wash. 389:78.

1928. Machaeranthera laevis (Wooton & Standley) Shinners, Field & Lab. 18:40. 1950. Type:

LOTYPE: US!; ISOTYPES: UC!, US!).

of-way about 7.5 mi S of Falfurrias, 7 Aug 1959, R.C.jackson 2938-1 (holotype: KANUI).

The following two binomials are not valid as the genus Sideranthus was a nomen

nudum when the combinations were published: Sideranthus pinnatifidus Nutt.,

Fraser's Catalogue, no. 81, 1813, non Aplopappus pinnatifidus Nutt., 1840 and

Sideranthus spinulosus (Pursh) Sweet, Hort. Brit., 227. 1826. Furthermore,

Eriocarpum australe Greene (Erythea 2:108. 1894) although validly published

has never been lectotypfied. The relevant synonyms are: Sideranthus australis

(Greene) Rydb., Bull. Torrey Bot. Club 27:621. 1900; Haplopappus spinulosus

(Pursh) DC. subsp. australis (Greene) H.M. Hall, Publ. Carnegie Inst. Wash.

389:77. 1928; and Machaeranthera australis (Greene) Shinners, Field & Lab.

18:42. 1950.

Xanthisma spinulosum "is an exceedingly complex, variable taxon. It is

doubtful that any 'absolute' key can be constructed so as to recognize unequivo-

cally the infraspecific categories proposed here. Instead, we have composed a

key that attempts to recognize character trends, in combination, that serve to

distinguish a given taxon from another, but the occasional (if not frequent) speci-

men will be found that keys to a given regional variety but belongs to yet an-

other However, if one accepts the exception and recognizes our account as an

attempt to portray quite variable, regional populations and not as a key to indi-

viduals, then little trouble would be experienced in pinning a varietal name on

this or that collection" (Turner & Hartman 1976). The following key is adapted

from the aforementioned source.

KEY TO THE VARIETIES OF XANTHISMASPINULOSUM

1. !nvolucres of pressed heads 15-25 mmwide, heads mostly solitary on elongate

subshrubs mostly (30-)50-l GOcm tall;foliage relatively sparse, crowded below, in-

ternodes at mid-stem 0.5-2 mmor more long (short in Baja California, Mexico);W

Colorado to 5 California and Arizona; Baja California, Mexico and vicinity

subspinose; subshrubs up to 1 00 cm tall 14d. X. spinulosum var. gooddingii



14g.X.spinulosum var scabrellum

.stiffly erect, mostly unbranched.l foliage g labrate or nearly so; heads ne^

.pappus bristles profuse, exceec ling the

14c.X.spinulosumva

i spreading to sprawling, usually rnuch-br anched.foliage variously pub
rarely glabrous; pappus less pror

a;widespread,W Canada to SWUi.S.A.;cer itral Mexico.

'

olucres of pressed heads 8-1 2 mmwide; stems equally leafy througho

nts only rarely stiffly erect or wc30dy at

Ma.X.spinulosumv

Texas, S New Mexico, 5 Arizona; N Mexico 14b.X.spinulosum var.chihuahuanum

) Xanthisma spinulosum subsp. spinulosum

I spinulosum var. spinulosum

r & R.L. Hartman)

R.L. Hartman,

Rio Conchos, 13 Jul 1972, A. M. Powell 2m(holotype: TEXI).

14c. Xanthisma spinulosum var glaberrimum (Rydb.) D.R. Morgan & R.L. Hart-
man, comb, nov BASlONYM:SideranthusglabernmusRydb., Bull. TorreyBot. Club
27:621. 1900. Sideranlhus spinulosus (Pursh) R. Sweet ex Rydb var. glaherrimus
(Rydb.) A. Nelson, mJ.M. Coulter & A. Nelson, Man. Bot. Rocky Mt. 499. 1909.

HapIopappii.s.spinul().sii,slPursh) DC. var.gIaberrimus(Rydb)S.E Blake, Contr Gray
Herb. 52:24. 1917, "Aplopappusr Uaplopappus spinulosus (Pursh) DC. subsp.

glaherrimus (Rydb.) MM. Hall, Publ. Carnegie Inst. Wash. 389:77. 1928.

Machaeranlhcra pmnatijida (Hook, f.) Shmners forma glaberrima (Rydb.)

McGregor, Trans. Kansas Acad. Sci. 60:162. 1957. Machaeranthera pinnatijida

(Hook, f.) Shinners var glaberrima (Rydb.) B.L. Turner & R.L. Hartman, Wrightia

5:311. 1976. Type: U.S.A. Nebraska. Thomas Co.: Middle Loup River near Thedford,

19 Aug 1893, PA. Rydhcrg 1403a (holotype: NY!; isotypes: GH!, US!).

(ii) Xanthisma spinulosum subsp gooddingii

14d. Xanthisma spinulosum var gooddingii (A. Nelson) DR. Morgan 6? R.L.



Hartman comb. nov. Basionym; Sideranthus gooddingii A. Nelson, Bot, Gaz.

(Crawfordsville) 37:266. 1904. Haplopappus gooddingii (A. Nelson) Munz & I.M.

Johnston, Bull. Torrey Bot. Club 49:44. 1922, ''Aplopappusr Haplopappus spinulosus

Pursh) DC. subsp. gooddingii (A. Nelson) S.F. Blake, Contr. U.S. Natl. Herb. 25:543.

1925, "Aplopappus" Machaeranthera pinnatifida (Hook, f.) Shinners subsp.

gooddingii (A. Nelson) B.L. Turner & R.L. Hartman, Wrightia 5:313. 1976.

Machaeranthera pinnatifida (Hook, f.) Shinners var gooddingii (A. Nelson) B.L.

Turner & R.L. Hartman, Wrightia 5:314. 1976. Type U.S.A. NEVADA: "The Pockets,"

30 Apr 1902, L.N. Goodding 667 (holotype: RM!, isotype: US!).

Sideranthus viridisJ.N. Rose & Standley. Contr. U.S. Natl. Herb. 16:19, pi. 15. 1912. Type: MEXICO.

SONORA:Pinacate Mountains, 21 Nov 1907, D.T. MacDougal s.n. (holotype: US!; isOTYPE: UQ).

14e. Xanthisma spinulosum var. incisifolium (I.M.Johnston) D.R. Morgan & R.L.

Hartman, comb. nov. Basionym: Haplopappus arenarius Benth. var incisifolius

I.M.Johnston, Proc. Calif. Acad. Sci., ser 4, 12:1190. 1924, "Aplopappusr Haplopappus

spinulosus (Pursh) DC. subsp. i ncisijolius (LM. Johnston) H.M. Hall, Publ. Carnegie

Inst. Wash. 389:75. 1928. Machaeranthera pinnatifida (Hook, f.) Shinners var

incisifolia (I.M. Johnston) B.L. Turner & R.L. Hartman, Wrightia 5:315. 1976.

Machaeranthera incisifolia (I.M.Johnston) G.L. Nesom, Phytologia 69:112. 1990.

Type: MEXICO. Baja California: S San Lorenzo Island, 9 May 1921, I.M.Johnston

3529 (holotype: CAS!; isotypes: NY!, UC!).

14f. Xanthisma spinulosum var. paradoxum (B.L. Turner & R.L. Hartman) D.R.

Morgan & R.L. Hartman, comb. nov. Basionym: Machaeranthera pinnatifida

(Hook, f.) Shinners var paradoxa B.L. Turner & R.L. Hartman, Wrightia 5:314. 1976.

Haplopappus spinulosus (Pursh) DC. var paradoxus (B.L. Turner & R.L. Hartman)

Cronquist, Intermountain Fl. 5:199. 1994. Type: U.S.A. Colorado. Montrose Co.:

Paradox, lljun 1912, E. P. Walker 147 (holotype: NY!; isotypeS: DS!, GHI, RM!, USD-

ti (Greene) D.R. Morgan & R.L. Hart-

scabrellum Greene, Erythea 2:108. 1894.

Haplopappus spinulosus (Pursh) DC. van scabrdlus (Greene) S.E Blake, Contr Gray

Herb. 52:24. 1917, "Aplopappus." Haplopappus spinulosus (Pursh) DC. subsp.

scahrellus (Greene) H.M. Hall, Publ. Carnegie Inst. Wash. 389:74. 1928.

Machaeranthera scahrella (Greene) Shinners, Field & Lab. 18:42. 1950.

Machaeranthera pinnatifida var scahrella (Greene) B.L. Turner & R.L. Hartman,

Wrightia 5:314. 1976. Type: MEXICO. Baja California: foothills Los Angeles Bay,

Dec 1887, E. Palmer 539 (holotype: NDG!; isotype: NY!).

Haplopappus arenarius Benth. var. rossii I.M.Johnston, Proc. Calif. Acad. Sci., sen 4, 12:1191. 1924,

"Aplopappus." Type: MEXICO. Baja California Sur: on margin of a gypsum mesa, San Marcos

Island, 12 May 1921, I.M.Johnston .3627 (HOLOTYPE: CASl; isOTYPE: US!).

15. Xanthisma stenolobum (Greene) D.R. Morgan & R.L. Hartman, comb. nov.

BASIONYM: Eriocarpum stenolobum Greene, Erythea 2:109. 1894. Haplopappus

stenolohus (Greene) H.M. Hall, Publ. Carnegie Inst. Wash. 389:65. 1928.

Machaeranthera stenoloha (Greene) Shinners, Field & Lab. 18:40. 1950. Type:

MEXICO. Chihuahua: Sierra Madre, Arroyo Ancho, 16 Oct 1887, C.G. Pringle 1303

(holotype: NDG!; ISOTYPES: GH!, NY!, PH!).

16. Xanthisma wigginsii (S.F. Blake) D.R. Morgan & R.L. Hartman, cotnb. nov



Basionym: Haplopappus wigginsii S.F. Blake, Proc. Biol. Soc. Wash. 48:169. 1935.

"Aplopappiisr Machaeranthera wigginsii (S.F. Blake) R.L Hartman, Phytologia

(18:458. 1990. Typi-: MEXICO. Baja CALIFORNIA: Sierra San Pedro Martir, 18 Sep 1930,

/. /.. Wiggi ns & D. Demaree 4914 (holotype: US!).

Xanthisma section Havardii (R.C. Jackson) D.R. Morgan & R.L. Hartman, comb.
nov. Basionym: Haplopappus section Havardii R.C.Jackson, Univ. Kansas Sci. Bull.

46:479. 1966. Machaeranthera section Havardii (R.C.Jackson) R.L. Hartman,
Phytologia 68:458. 1990.

Herbs taprooted annuals, 15-45 cm tall. Leaves serrate or dentate, often coarsely

so, teeth blunt or terminating in stiff callosities, not bristle-tipped. Heads radi-

ate. Involucres broadly turbinate. Phyllaries in 5-7 graduated series, linear to

narrowly oblong, tfie lower portion rigid, stramineous, the upper fifth to half

with a green patch or strip, densely glandular, appressed; apices obtuse to acute.

Receptacles alveolate, scales 0.1-0.5 mmlong, mostly distinct. Ray floret corol-

las yellow. Cypselae essentially similar, 2.5-3 mmlong, oblong or narrowly el-

liptic, sometimes slightly asymmetrical, flattened laterally walls thin with 12-

1 4 barely discernible nerves, sparsely pubescent. Pappus similar in ray and disc

I lorets, white; bristles 5-7 mmlong, filiform, not dorsiventrally flattened ba-

sally, in 2-3 pooriy defined series, n = 4.

17. Xanthisma viscidum (Wooton & Standley) D.R. Morgan & R.L. Hartman,
comb, nov Basionym: Sideranthus viscidus Wooton & Standley Contr U.S. Natl.

Herb. 16:180. 1913. Haplopappus viscidus (Wooton & Standley) S.F. Blake, J. Wash.
Acad. Sci. 28:486. 1938. Machaeranthera viscida (Wooton & Standley) R.L Hart-

man, Phytologia 68:459. 1990. TYPE: U.S.A. New Mexico. Eddy Co.: near Hope, 3

Aug 1905, E.O. Wooton s.n. (holotype: US!).

Haplopappui havavdu Waterfall, Rhodora 45:352. 1943. Machaeranthera havardii (Waterfall)

Shinners, Field & Lab, 18:40. 1Q50. Type: U.S.A. Texas. Culberson Co.: 9 mi E of Van Horn, s.d.,

U.T Waterfall 415M\\o\.oj\pe GH!; ISOTYPES: ARIZ!, MO!, NY!).

Arida D.R. Morgan & R.L. Hartman, comb, et stat. nov Basionym: Machaeranthera
section A rida R.L. Hartman, Phytologia 68:446. 1990. Type: Machaeranthera arida

B.L. Turner & D.B. Home.

Herbs taprooted annuals or rarely short lived perennials (often much
branched, rhizomatous, forming vegetative rosettes in A. blepharophylla), 10-

60(-80) cm tall. Stems erect to ascending or sprawhng, often much branched,

glabrous to variously pubescent with glandular and nonglandular hairs. Leaves

alternate; entire, dentate, lacerate to deeply pinnatifid or bipinnatifid, glabrous

to densely pubescent with glandular or nonglandular hairs, apices, including

lobes and teeth, apiculate to bristle tipped, bristles 0.1-1 mmlong. Heads radi-

ate or eradiate. Involucres turbinate to depressed hemispheric. Phyllaries in 4-

8 imbricate series, graduated in length, appressed, spreading, or ref lexed, gla-

brous or moderately to densely pubescent with glandular or nonglandular hairs;

bases indurate to herbaceous, apices herbaceous, margins sometimes scarious.



Receptacles indistinctly alveolate, convex, naked or nearly so, or (in A.

hlepharophylld) with scales up to 0.5 mmlong. Ray florets pistillate, fertile (ab-

sent in A. carnosa); corollas light to dark blue. Disc florets bisexual, fertile, co-

rollas yellow, ± funnelform, tubes and limbs generally glabrous, lobes 0.3-0.5

mmlong, glabrous to minutely pubescent. Cypselae of ray and disc florets some-

what dimorphic, narrowly oblong, moderately to densely pubescent; thm

walled, with 5-11 filiform nerves per face, l-3.2(-4) mmlong, those of ray flo-

rets, if present, obscurely 3 sided, rounded abaxially, of disc florets only slightly

compressed laterally; pappus white or whitish (tawny in A. hlepharophylla), of

ray florets 1/3 to nearly equaling length of disc florets; bristles minutely

barbellate, in 2-3 poorly differentiated series, at most somewhat dorsi-ventrally

flattened and dissimilar in width near base, bases not to slightly overiapping,

mostly 2.5-4.5(-5) mmlong, n = 5.

Four of the nine species that are here included in Arida (A. hlepharophylla,

A. parviflora, A. riparia, and A. turneri) were included in molecular investiga-

tions of Machaeranthera s.l. (Morgan &Simpson 1992; Morgan 1997, 2003). The

conflicting relationships supported by cpDNA and nrDNA for these species

suggested substantial reticulate evolution among the four species and with spe-

cies of Dieteria, Pyrrocoma, and Xanthisma, complicating efforts to produce a

taxonomy that best reflects current understanding of the systematics of Arida.

In classifying the species of Arida, one issue to consider is the proper tax-

onomy for A. bUpharophylla. Chloroplast DNAand nrDNA supported conflict-

ing relationships for this species (Fig. 1), suggesting that it has experienced re-

ticulate evolution (Morgan 1997, 2003). Since the taxonomy of A. hlepharophylla

should match its evolutionary history as closely as possible, it would be desir-

able to base its classification on what kind of reticulate evolution has occurred.

As described by Morgan (1997), there are two major possibilities. First, because

A. hlepharophylla exhibits characteristics of both parental hneages, it could

have originated through hybrid speciation; the best treatment mthis situation

might be to establish A. hlepharophylla as a monospecific genus descended from,

but separate from, both parental lineages.

The second evolutionary possibility is that A. hlepharophylla is a close rela-

tive of A. riparia that has acquired chloroplast DNA from the ancestor of

Xanthisma gymnocephalunr, the best treatment in this case might be to clas-

sify it with A. riparia. Here we choose the latter disposition. According to nrDNA

evidence, the nuclear relationships of A. hlepharophylla are with A. riparia. In

addition, the majority of its characteristics, including chromosome number and

fruit morphology, are shared with A. riparia rather than with X.

gymnocephalum (Nesom et al. 1990). It is possible that Arida hlepharophylla is

a hybrid species, but in our view additional genetic data would be necessary to

convincingly demonstrate the occurrence of hybrid speciation. In the absence

of such data we propose that A. hlepharophylla be considered a close relative of



A. riparia chat has experienced chloroplast introgression, and that its taxonomy

With Arida hkpharophylla classified with A. riparia, the next question is

whether the nine species of Arida should all be maintained in the same genus.

[[ A. hkpharophylla is placed with A. riparia as described above, cpDNA evi-

dence would support keeping all the species together because it supported a

group composed of A. parviflora, A. turneri, and A. riparia (Fig. 1). However,

nrDNA evidence separated these four species into two lineages (Fig. 1). As de-

scribed in detail by Morgan (2003), there are two primary explanations for this

conflict, both mvolvmg reticulate evolution. The first explanation considers the

alliances supported by nrDNA to be closer to the true species relationships. The

corresponding classification would split Arida into two parts.

The second explanation considers the alliances supported by cpDNA to be

closer to the species relationships for Arida. In supporting the group composed

ol A, parviflora, A. turneri, and A. riparia, cpDNA evidence suggested that the

two lineages of Arida are closest relatives. In this case, the corresponding tax-

onomy would keep the two lineages together, retaining all species of Arida in

the same genus. This is the classification adopted here because, in addition to

cpDNA, several additional pieces of evidence support this treatment. All spe-

cies of Arida have n = 5, all that have been investigated produce flavones, and

hybridization experiments suggest much genetic similarity between the two

lineages (Turner & Home1964; Turner et al. 1975; Stucky 1978; Hartman 1976,

1990; Nesomet al. 1990). This array of characteristics unites the species of Arida

and distinguishes them from other taxa in the Machaeranthera complex; we
interpret the confhcting results from nrDNA data as resulting from nrDNA
introgression, as explained by Morgan (2003).

The following key is based in part on data in Hartman (1976, 1990), Nesom
(2003), Nesomet al. (1990), and Turner (1986). It includes the new species A rida

mattturneri (Turner & Nesom 2003).

KEY TO THE SPECIES OF ARIDA

3. Ray florets absent _

4. Plants annual; le£



i. Stems 10-45 cm long, w

;. Stems 50-80 cm long, (

-stems densely glandulai

3nger,crisp,nonglandular

nonglandular hairs abseni

n) D.R. Morgan & R.L. Hartman,
lonica R.C.Jackson & R.R.Johnson,

Rhodora 69: 476, fig. 1. 1967. Type: U.S.A. Arizona. Pima Co.: Oregan Pipe Cactus

National Monument, low, rocky hillsides and sandy soils around Quitobaquito

Springs, 31 Mar 1962, R.C.Jackson & R.R.Johnson 3043-1 (holotype: KANU!;

ISOTYPES: ARIZ!, KANU!).

rD.B.b

3ray)B.L Turner var.aridaCB. L Turner &-D.B.Horn.

E: U.S.A. California. San Bernardino Co.; Mesquite ^

lay 1941, CB.Wol/J0635 (HOL. OTYPC: DS!; 1ISOTYPES: N

Amargosa Desert, on the W.edgeofAsi 1 Meadows

iJ.L. Reveal & N.H.Holmgren 1882 (HOLC)TYPE: US!; i

2. Arida blepharophylla (A. Gray) D.R. Morgan & R.L. Hartman, comb. nov.

Basionym: Aster hlepharophyllus A. Gray, Pi. Wright. 2:77. 1853. Machaeranthera

gypsitherma G.L. Nesom, Vorobik, and R.L. Hartman, Syst. Bot. 15:638. 1990, nom.

nov, non Machaeranthera blephariphylla (A. Gray) Shinners, Field & Lab. 18:38.

1950. Type: U.S.A. NewMexico. Hidalgo Co.: in subsaline soil. Las Playas Springs, 7

Oct 1851, C Wright 1164 (lectotype: GH! [designated by Nesom et al.l990];

:, GH!, MO!, NY!, P, PH!).

3. Arida carnosa (A. Gray) D.R. Morgan & R.L. Hartman, comb. nov. Basionym:

Linosyris carnosa A. Gray, Pi. Wright. 2:80. 1853. Aster carnosus (A. Gray) A. Gray ex

WB. Hemsley, Biol. Cent.-Amer, Bot. 2:120. 1881, non J.-B. Gilibert, 1781. Leucosyris

carnosa (A. Gray) E.L. Greene, Fl. Francisc. 384. 1897. Machaeranthera carnosa (A.

Gray) G.L Nesom, Phy tologia 67:439. 1989. TYPE: MEXICO. SONORA:Wof Chiricahui

Mountains, Sep 1851, CWright 1187 (holotype: GH!; isotypes: PH!, US!).



4. Arida coultcri (A. Gray) D.R. Morgan & R.L. Hartman, comb. nov. Basionym:

PsiluLlisumhcuA Gray. PI, Fcnillcr.72 IH^9. Machaerantheracoulteh (A. Gray)

B.L. Turner & D.B. Home, Bnttonia 1Ct322. 1964. TYPE: MEXICO. SONORA:probably

the vicinity of Guaymas, n.d., I Cou/tcr 295 (HOLOTYPE: GH!).

5. Arida crispa (T.S. Brandegee) D.R. Morgan & R.L. Hartman, comb. nov.

Basionym: Psilactis crispa TS. Brandegee, Proc. Calif. Acad. Sci., ser 2, 2:169. 1889.

Machaeranthcya crispa (TS. Brandegee) B.L. Turner & D.B. Home, Bnttonia 16:321.

1964. Tvri-. MEXICO. BAjA CALIFORNIA SUR: alkaline soil, Sanjoaquine, San Igna-

cio. 1 Apr 1889, /.5, Brandegee s.n. (i ioi.OTYPE: UC!; isotypes: GH!, US!).

6. Arida mattturneri B.L. Turner & G.L. Nesom, Sida 20:1418. 2003. Type: U.S.A.

Texas. Presidio Co.: ca. 2.2 mi NNWof Ruidosa in "Blumberg Canyon," Cca. 30" 00'

45" N, 104" 44' 00" W), 20 Jul 2003, M. W. Turner 100 (HOEOTYPE: TEX; iSOTYPES: NY!,

SRSC).

7. Arida parviflora (A. Gray) D.R. Morgan &r R.L. Hartman, comb. nov. Basionym:

Machaeranthera parviflora A. Gray, PI. Wright. 1:90. 1852. Aster par viflorus (A.

Gray) A. Gray in W.H. Brewer & S. Watson, Bot. California 1:322. 1876, non C. Nees,

1818, nee WDarlington, 1826. Aster parvulus S.E Blake in Tidestrom, Contr U.S.

Natl. Herb. 25:563. 1925. Type: U.S.A. Texas: "collected mexpedition from WTexas

to El Paso, N, Mex.," May-Oct 1849, C Wright 271 (holotype: GH!; isotypes: NY!,

US!).

Machaeranthera tanacetijolia (Kunth) C. Nees var. pygmaea A. Gray, Pi. Wright. 2:74. 1853. Aster

tanacetifolia Kunth var. pygmaeus (A. Gray) A. Gray, Syn. Fl. N. Amer. 1(2):206. 1884.

Machaeranthera pygmaea (A. Gray) Wooton & P.C. Standley Contr. U.S. Natl. Herb. 16:189.

1913. Type: U.S.A. New Mexico: near El Paso, 1851, C Wright 1395 (holotype: GH!; isotypes:

8. Arida riparia (Kunth) D.R. Morgan & R.L. Hartman, comb, nov Basionym: As-

ter riparius Kunth, Nov. Gen. Sp., folio ed., 4:72. 1818. Machaeranthera riparia

(Kunth) A.G.Jones, Syst. Bot. 8:85. 1983. Type: MEXICO: "In humidis juxta lacum
Cuiseo. . . alt. 900 hex." n.d., F.W.H.A. von Humboldt & A.J.A. Bonpland 4308(holo-

9. Arida turneri (M.L. Arnold &R.C.Jackson) D.R. Morgan & R.L. Hartman, comb.
nov Basionym: Machaeranthera turneri M.L. Arnold & R.C.Jackson, Syst. Bot.

3:209. 1979. Type: MEXICO. Chihuahua: 3.3 mi N of Meoqui, along highway 45,

1

Aug 1964, R.C.Jackson 4005 (holotype: TTQ).
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